35 Hygienic behaviour is a social immune response in honey bees shown to help 36 provide resistance to honey bee pests and diseases. A survey of hygienic behaviour 37 and brood diseases was conducted on 649 colonies in eastern Australia to initiate a 38 selective breeding program targeting disease resistance and provide a level of 39 resistance to Varroa (Varroa destructor Anderson and Trueman and V. jacobsoni 40 Oudemans) mites should they become established in Australia. The test population 41 showed a remarkably high baseline level of hygienic behaviour with 17% of colonies 42 meeting or exceeding breeding selection thresholds. Colonies belonging to a 43 breeding program were 5.8 times more likely to be highly hygienic and colonies 44 headed by queens raised from hygienic queen mothers were 2.2 times more likely.
132 determined by the number of mummies or infected larvae on both sides of the middle 133 brood frame: slight 1-10, moderate 11-40, severe 40+.
134
Although hygienic behaviour can be scored as a continuum from 0-100, 135 represented by a percentage of dead brood removed by nurse bees in 24 hours, it is 136 common practice to classify colonies on a binary scale as hygienic or not hygienic 137 using 95% removal rates as the categorization threshold [32, 33] . Strict hygienic 138 behaviour (score based only on full removal of killed brood) is frequently used for 139 selective breeding purposes while liberal hygienic behaviour (score based on a 140 combination of full and partial removal of killed brood), a less rigorous measure, is 141 considered biologically significant as the short timeframe for removal should confer 142 disease resistance by removing infected larvae before a pathogen becomes 143 infectious. To assess this, we used liquid nitrogen to freeze an area of sealed brood 144 containing 110 cells. These experimental frames were returned to the respective 145 hives once the nitrogen had volatilized. The amount of dead brood removed by 146 worker bees was measured after 24 hours. For this survey, colonies were 147 categorized as strictly hygienic if 95% or more dead pupae were completely removed 148 from the test area and liberal hygienic if 95% or greater of dead brood was fully or 149 partially removed in 24 hours [33, 34] .
150 Hygienic behaviour was calculated as follows: Table 3 .
214 Nagelkerke's R 2 of 0.179 indicated that this is a weak model explaining 17.9% of the 215 variation. Prediction success overall was 83.5% (100% correctly classified as not 216 strict hygienic and 0% correctly classified as strict hygienic) and was not different 217 from the constant only model indicating that there is a large amount or error in the 218 model. Despite the large error factor, queen selection and breeding program made 219 significant contributions to the predictive capacity of the model (p = 0.002, p < 220 0.0001, respectively) and can influence a colony's hygienic status. In fact, the odds 221 ratios indicate that colonies from breeding programs were around 5.8 times more 222 likely to be hygienic and colonies headed by queens raised from hygienic queen 223 mothers were around 2.2 times more likely to be hygienic. Nectar flow was not a 224 significant predictor of strict hygienic behaviour but could none-the-less have a 225 biologically relevant impact on hygienic removal. 245 predictors with the same results S1 Table. 246 
341
Pest and disease resistance is the impetus of breeding for hygienic behavior.
342 Bees bred for Varroa Sensitive Hygiene in other countries were shown to be highly 343 hygienic using the FKB assay even though the population was selected by other 344 means [47, 48] . We also show that bees selected for performance (eg honey 345 production, pollination efficacy, temperament, etc) can also be quite hygienic. It is 346 possible, therefore, for many different selection assays and methods to increase the 347 nest cleaning ability of honey bees to remove parasitized brood and thus arrive at 348 the desired outcome: healthier, more disease resistant bees.
349
The level of hygienic behaviour found in Australia's managed honey bee 
